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Nose  mounted  canards  are  attractive  candidates  for  aerodynamic 
controls  on  a guided  missile  for  several  reasons.  Generally,  the  hinge 
moments  are  small  compared  to  those  developed  by  an  equally  effective 
tail  control.  The  effectiveness  of  canards  increases  with  increasing 
angle  of  attack  rattier  than  decreasing  as  does  tail  control  effective- 
ness. Also  canards  may  be  employed  to  tailor  the  missile  stability 
margin  by  decreasing  the  transonic  stability  hump  (1]. 

A common  requirement  for  a gu<dcd  missile  is  that  the  roll  rate 
should  be  maintained  at  a low  level  or  even  that  the  missile  should  be 
fixed  in  roll  position.  One  potential  advantage  of  nose  mounted  canards 
is  that  they  may  be  considered  as  roll  control  devices  as  well  as  giving 
control  forces  for  a maneuvering  missile.  The  purpose  of  this  scudy  is 
to  Investigate  the  effectiveness  of  small,  nose  mounted  canards  in 
developing  rolling  moments  for  roll  attitude  and  roll  rate  control. 

The  aerodynamics  properties  ot  canard-tail  configurations  are 
complicated  by  vortices,  produced  by  the  canards  at  incidence,  trailing 
past  the  tail  panels  and  effecting  the  tail  lift.  This  phenomenon  may 
be  beneficial  at  times  such  as  by  increasing  trim  angle  of  attack  for 
a given  canard  deflection  angle  or  by  decreasing  the  transonic  static  \ 

margin  rise,  thereby  decreasing  flight  path  errors  due  to  wind 
sensitivity. 

Theoretical  predictions  of  the  aerodynamics  of  canard-planar  tail 
configurations  are  complicated  by  the  difficulty  in  estimating  correctly 
the  canard  Induced  vortex  strengths  and  the  vortex  trajectories  as  they 
trail  downstream  past  tne  tail  panels.  The  method  of  Pitts,  Nielsen, 
and  Kaattarl  [2]  was  modified  to  calculate  canard  >'ortex  induced  planar 
tail  tolling  moments  but  comparison  with  experimental  data  was  poor; 
therefore,  it  was  not  included  in  this  report. 

Wind  tunnel  data  were  obtained  fot  canard-planar  tail  configurations 
with  variable  canard  longitudinal  positions.  Mach  number  was  varied 
from  0.6  to  4.5  and  angle  of  attack  and  canard  differential  deflection 
was  varied  from  -3°  tc  5°.  The  data  veto  obtained  from  three  different 
test  facilities. 

Some  data  were  obcainoJ  for  a canard-ring  tail  configuration  at 
Mach  numbers  2.5  and  4.5  with  the  canards  located  in  only  the  most  aft 
position.  Comparisons  are  made  between  the  canard-plar.ar  tail  configur- 
ations and  the  canard-ring  tail  configuration  in  roll  control 
effectiveness. 
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II  EXPERIMENTAL  PROGRAM 


A.  Test  l'iio  1 1 1 L ios 

Tlie  b-ft  transonic  wind  tunnel,  located  at  CALS  I '.N 
CorpiT.it  Ion,  Buffalo,  New  York,  was  used  to  obtain  the  data  for  Mach 
numbers  oi  0.6  to  1.25.  The  tunnel  test  a.  ctlon  has  perforated  walls 
and  an  uux-llary  pumping  system  for  attenuation  of  reflected  shock  aid 
expansion  waves  on  models  m the  low  supersonic  range.  This  method  of 
attenuating  reflected  shock  and  expansion  waves  is  described  in  detail 
in  Reference  J.  The  closed  circuit  tunnel  is  capable  of  speeds  from 
5 it/sec  up  to  Mach  number  l.  j’i.  f or  this  Lest  , the  tunnel  was 
primarily  run  in  a constant  mass  mode  which  is  the  most  efficient  way, 
timewise,  to  operate  at  several  Mach  numbers.  Constant  mass  mode  means 
that  no  air  is  added  to  the  tunnel  in  going  from  one  Mach  number  to 
another.  Ir.  this  node,  both  Reynolds  number  and  dynamic  pressure  vary 
with  Mach  number.  A photograph  of  the  installation  is  presented  in 
figure  1. 

The  Ames  Research  Center  6 ft  X 6 ft  supersonic  wind  tunnel  was 
used  to  obtain  data  for  Mach  numbers  1.5  and  2.0.  It  is  a closed-circuit, 
single-return,  continuous-flow  facility  and  lias  an  asymmetric  sliding- 
block  nozzle  and  a test  section  with  perforated  floor  and  ceiling  to 
permit  houndarv-layer  removal.  Continuous  testing  is  available  for 

Much  numbers  from  0.25  to  2.25  with  Reynolds  numbers  i rom  1.0  * 10^  to 

5.0  > 10^/fr  and  a maximum  stagnation  temperature  of  580°R.  The  tunnel 
air  is  driven  by  an  eight-stage,  axial-flow  compressor  powered  by  two 
electric  motors  mounted  in  tandem  outside  the  wind  tunnel.  The  Ames 
sting,  El  III  235-500,  together  with  a 5°  angle  adaptor,  was  used  to 
mount  the  model.  The  model  was  inverted  in  tie  tunnel  during  all  the 
tests. 

The  Arnold  Engineering  Development  Center,  Von  Harmon  Facility, 

Tunnel  A,  was  used  to  obtain  data  for  Macii  numbers  2.5,  3.0,  and  A. 5. 
Tunnel  A is  a continuous,  closed-circuit,  variable  density  wind  tunnel 
with  an  automatically  driven  flexible-plate  nozzle  and  a 40  in.  ; 40  In. 
test  section.  The  tunnel  can  be  operated  .it  Much  numbers  from  1.5 
to  6.0  at  maximum  stagnation  pressures  from  29  to  200  psia,  respectively, 
and  stagnation  temperatures  up  to  75U°R  (M  » 6.0).  Minimum  operating 

pressures  range  f.am  approximately  one-tenth  to  one-twentieth  of  the 
maximum  at  each  Mach  number.  The  tunnel  is  equipped  with  a model 
injection  system  which  allows  removal  of  the  model  from  the  test  section 
while  the  ^ uimc  1 remains  in  operation. 
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Wind  Tunnel  Modal 


Tilt  wind  tunnel  mode!  was  a sting  mounted  body  of  revolu- 
tion, 5.0  in.  diameter,  52.0  in.  long,  and  had  a three  caliber  tangent 
ogive.  The  model  body  is  shown  in  Figure  2.  The  model  was  tested  with 
two  sets  of  canards,  one  set  of  planar  tall  panels  and  a ring  tall. 

The  model  was  unique  in  that  all  four  canards  and  tall  panels  were  cacti 
mounted  on  three  component  balances  along  with  a six-component  main 
balance  which  measured  total  model  loads.  Each  canard  waB  deflected 
remotely;  the  deflection  angles  were  measured  by  potentiometers  mounted 
on  the  canard  deflection  mechanism.  The  tail  panels  vrre  nndeflcctcd 
throughout  the  tests. 

C.  Canards 

The  two  sets  of  canards  had  essentially  t Ire  same  plan- 
foim.  These  two  sets  were  tested  at  two  different  longitudinal 
positions  on  the  model  nose  wich  the  canard  root  chord  remaining 
tangent  to  che  model  surface  at  the  canard  hinge  point.  The  two 
longitudinal  positions  ore  shown  in  Figure  3;  the  canards  are  shown 
in  Figure  4. 


A rectangular  tail  was  tested  with  the  trailing  edge 
flush  with  the  model  base.  The  tail  has  an  exposed  aspect  ratio  of 
1.0.  A ring  tail,  designed  to  give  approximately  the  same  static 
stability  as  the  planar  tail  was  tested  at  Mach  numbers  2.5  and  4.0. 
The  vertical  support  struts  were  not  attached  to  the  body.  With  this 
arrangement,  the  two  horizontal  tail  balances  provided  measurements 
of  the  total  force  on  the  ring  tail.  The  tails  are  shown  in  Figure  4, 

E.  Test  Conditions 

The  canard-planar  tail  configurations  vere  tested  at 
Mach  numbers  0.6,  0.8,  0.9,  1.05,  1.25,  1.5,  2.0,  2.5,  3.0,  and  4.5,' 
while  the  ring  tail  configuration  was  tested  only  nt  Mach  numbers  2.5 
and  4.5.  The  angle  of  attack  was  varied  from  approximately  -3°  to  5* 
and  the  canards  were  deflected  differentially  from  -3°  to  5°.  All 
data  were  corrected  for  sting  deflections  ana  flow  angularities. 

Tunnel  operating  conditions  are  given  in  Table  1.  The  main  balance 
accuracy  was  estimated  to  be  0.5%  of  foil  scale  for  each  balance  gage 
and  the  panel  balance  accuracies  were  estimated  to  be  on  the  order  of 
1%  of  full  scale,  where  che  full  scale  loads  are: 


Canard 

Ta  !1 

Normal  force 

(lb) 

40 

60 

Root  bending 
(in. -lb) 

moment 

35 

130 

Hinge  moment 

(in. -lb) 

25 

100 

i ah 1 1 t . ;;.;si  i.  <>n  rai  i s ■ cun 


Macli 

Number 


Rpvnolds  So  * 10  /in. 


l'\  liar,  i v. 
I'r  estui  i 
(i  si  > 


It  was  estimated  chat  angle  ol  attack  wan  accurate  to  '0.0',"  and 
canard  del  lection  angles  to  lO.tO*.  The  basic  wind  tunnel  data  .ire 
presented  in  plotted  form  In  References  h,  5,  and  6.  The  data  ax  it 
system  is  shown  in  figure  5. 

F.  Date.  Reduction 


Total  modsl  rolling  moirent  coefficient  ..js  calculated 
from  the  canard  and  tail  balance  data  in  the  following  manner: 


Iota- 


1 1 
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m DISCUSSION  AND  RESULTS 

A.  C.'i'.iru-I.ill  t t'«i C lo<\  Aerodynamics 

llu-  .icrodyn^mlc  characterise  ics  of  canard-tall  conflgura- 
lions  are  complex  b,i  him1  tin-  cun.kfi.ls  m incidence  generate  vortices 
wiiicli  trail  dovnsi  H'.tni  past  the  tail  and  significantly  change  the  tail 
lilt.  Vortex  eh. if  ac  ter  i s t lc  s such  as  mimticr  of  vortices,  strength, 
posit  i.«n,  and  ty|e  are  el  tun  difficult  to  predict  analytically.  At 
moderate  angles  of  attack,  tl.e  body  may  even  generate  symmetrical  or 
unsymmetr tea  1 vortices  which  change  the  flow  field  about  the  tail 
panels  and  at. eel  tail  lift.  Spahr  end  Dickey  (?)  have  shown  that 
the  geometry  o<  the  wal.e  at  it  leaves  the  cunxrd  or  wing  varies 
considerably  with  c ana  id  aspect  ratio  and  angle  of  attack.  The  vertex 
sliest  generated  by  low  aspect  ratio  canard  with  subsonic  leading  edge 
tends  to  roll  up  into  a single  vortex  ahead  of  the  trailing  edge; 
however,  the  vortex  wake  generated  by  a lurge  aspect  ratio  canard  at 
large  angles  of  attack  and  with  a supersonic  leading  edge  may  leave 
the  trailing  edge  ns  a vortex  sheet  which  rolls  up  into  two  vortices 
at  some  point  downstream  cf  the  canard.  The  following  sketch  shows 
theiit*  two  oossi'uil  it  its: 
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The  cunarJs  used  in  this  ii..eslig<it  Inti  all  Ii.iJ  sulfonic  lt.iJi.ij-.  ce,;<--> 
and  tlit'  at- i its  uf  vapor  stri'i’ii  photographs  Ilk  Figure  0 shows  lh.it  on. 
vortex  is  shed  from  each  canard  and  appears  to  bt  •:onpl o t<  1 y lolled 
up  as  it  leaves  the  canard  trailing  edge.  The  series  ol  vapor  sviec-n 
photographs  were  taken  at  an  nnglr:  of  attack  .1  12",  sul  f le  i ent  1 / luge 
fur  the  body  Induct'd  vortices  to  be  generated  as  shown  in  the  photographs 

B.  Ubserv.it  lout;  from  Kxper  imcnt.il  h.it.i 

Wind  tunnel  tests  were  conducted  in  which  opposite  side 
canards  were  deflected  d 1 1 i or.-nt ial ly  over  the  range  -3"  to  5”  such  that 
each  canard  produced  a rolling  moment  in  the  same  direction  about  t u 
model  centerline.  Angle  of  attuck  was  valu'd  In  iwucn  -3*  and  3*  at 
each  canard  and  Mach  number  condition. 

C.  Planar  Tail 

figures  ? through  2/-  show  -•■lling  moment  coefficient  as 
a function  of  Mach  number  and  angle  of  attack  for  a constant  3*  differ- 
encial canard  deflection  with  the  canards  ;n  the  forward  and  aft 
position.  These  plots  show  the  lolling  moment  coctticicnt  developed 
by  the  canards  only,  the  tails  only,  and  the  canards  plus  tail  <r  lota; 
rolling  moment  efficient.  Total  rolling  moment  coc f l ic lent  measured 
directly  from  t..c  model  main  balance  Is  also  shown  and  genet. t lly  com- 
pares vo'.y  well  with  the  values  computed  iron  canard  and  tJl!  balances. 

The  must  notable  aspect  of  tin  planar  tail  configuration  data  is 
that  while  the  rolling  moment  developed  by  the  conoids  is  large,  and 
that  developed  by  the  tall  is  large,  the  .summed  rolling  moment  coet- 
ficient  is  small  because  the  direction  or  sign  ol  the  canard  ami  tall 
values  are  difjerent.  The  canard  rolling  .Moment  cool  ficient*  .m-  gen- 
erated bv  the  deflection  angle  of  the  our  canards;  however,  the  tail 
rolling  Moment  coefficients  are  caused  by  the  vor'iee.s,  shed  by  the 
deflected  canards,  trailing  past  the  tail  panels  and  inducing  an  e.'ie- 
tive  angle  of  attack  for  each  tail  panel.  The  canard  rolling  moments 
are  generally  larger  than  the  tail  lolling  moments  toe! f icicnis,  but 
at  cho  supersonic  Macii  numbers,  the  tall  moment  nay  ho  larger  than  tin 
canard  moment.  In  this  case,  the  resultuu  moment  is  in  the  opposite 
direction  than  would  be  logically  expected  wiln  tne  given  canard  deiK.- 
tion.  Ibis  phenomenon  has  been  termed  roll  reveisal  and  is  seen  t : on. 
the  panel  data  at  Mach  numbers  1.03  and  2.0  vice,  the  canards  in  tin- 
forward  position  and  Mach  numbers  1.3  through  2.4  vi'.n  the  canards  in 
the  ufe  position.  No  data  were  obtained  for  the  forward  canard  posi- 
tions at  Mach  number  4.5.  Roll  teversal  has  been  observed  previously 
in  wind  tunnel  tests  of  models  with  large  canards  locat'd  on  the  >..mc 
body  diameter  as  the  planar  tail. 

Total  rolling  moment  coefficient  from  the  model  m..  in  balance, 
planar  tail  configuration,  is  shown  plotted  on  an  expanded  scale  in 
Figures  25  through  42.  At  times,  sizeable  rolling  moments  wore  seen 
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in  the  data  when  ail  four  vunurda  wtt  undeflecti  d;  thus*  evxtints  war* 
subtracted  free  the  data  for  deflected  canard*,  thta  c y pe  of  data 
correction  l»  satisfactory  If  the  soro  deflection  woeent*  represent 
a constant  Wae  in  the  data;  however,  (till  data  adjustment  1*  nut 
correct  If  tha  tato  deflation  moment*  are  due  tr  a eeAafd  deflection 
bias  arror.  A constant  canard  cr  tall  deflection  blaa  error  would 
craat*  a nonlinear  error  in  re  11  lug  moment. 

the  expanded  acale  rolling  moment  data  ara  ahown  plotted  for  tho 
forward  end  aft  mountod  canard  coofigutstions  throughout  the  canard 
deflection  and  Mach  number  range.  Tha  dara  ara  generally  not  symmetrical 
about  taro  angle  of  attach  aa  would  be  expected  fer  the  configuration* 
teetad.  The  reason  for  this  utaymmetry  is  not  known;  howavar,  Flgurea 
7 through  42  showing  tl ' rolling  moment  component  data  indicate  that 
the  asaywmecry  is  due  to  the  tail  component  rathar  than  tna  canard 
component.  A alight  misalignment  of  oiu  or  More  of  the  tail  panala 
may  be  tho  culprit;  becauea,  aa  pravloualy  atated,  error*  due  to  panel 
misalignment  would  be  nonlinear  with  angle  of  attack.  Tha  rcllir.g 
moments  ara  generally  in  the  expected  direction  wubeonlcally  and 
tranaonlcally , but  in  the  auperaonic  Mach  nuMbar  range,  the  roiling 
moments  art  in  the  revatae  direction  than  would  be  expected  for  both 
the  conf igurationa  tasted.  The  reason  for  this  la  not  known  other  titan 
tha  physical  fact  chat  tho  couponunt  of  rolling  moment  duo  to  tha  tail 
panala  la  larger  than  the  r-nponent  due  to  the  canards.  Roll  reversal 
is  clearly  shown  in  Figure  41  for  aero  angle  of  attack  and  differential 
canard  Jef lection*  of  5'. 

0.  Ping  Tail 

Figures  44  and  4)  show  rolling  rv*ent  coefficients  tut 
tha  ring  tail  configuration  aa  calculated  from  the  canard  balances 
alona,  the  tall  alone,  the  canard'tall  balance  combination,  and  the 
main  balance-  Those  figures  rhov  that  th*  ring  taxi,  unlike  tha  planar 
tall,  dost  rot  develop  large  Induced  rolling  momenta  at  the  Mach  numbers 
tasted,  because  of  this  fact,  small  canards  in  naoblnntfon  with  a ring 
tail  appear  to  be  far  acre  effective  aa  a msans  of  roll  control  than 
aaall  canards  in  line  with  an  equivalent  planar  tall.  Variation  of 
rolling  moment  coefficient  f roe  tha  mnln  balance  at  a function  of  angle 
of  attack  and  c«i.ard  deflect  lot.  angle  for  tha  ring  tail  configuration 
la  ahown  in  Figures  46  and  47.  Rolling  moment  coefficient  for  the  ring 
tall  configuration  la  a linear  function  of  canard  differential  deflec- 
tion and  does  r.oc  vary  with  angle  of  attack  aa  do**  Che  planar  tail 
configuration  ovar  the  parameter  ranges  tested.  A comparison  of 
rolling  moments  from  the  planar  tall  and  ring  tall  ara  shown  in 
Figures  48  and  49.  Tha  ring  tall  configuration  dues  have  the  possible 
disadvantage  of  increasing  tha  niselia  drag  from  that  of  a planar  tall 
configuration  with  approximately  the  seme  characteristics.  The  drag 
increase  is  shown  in  Figure  50. 
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IV.  SUMMARY  AND  CONCLUSIONS 

This  report  is  a study  of  effectiveness  of  small  nose  mounted 
canards  as  roll  control  devices,  moderate  canard  deflection  angle,  and 
small  angles  of  attack.  Wind  tunnel  data  were  obtained  for  canards  in 
two  different  longitudinal  positions.  Mach  number  was  varied  from  0.6 
to  4.5,  canard  differential  deflection  angle  from  -3°  to  5°,  and  angle 
of  attack  from  -3°  to  6°. 

The  following  conclusions  were  drawn  from  this  study.  Small,  nose 
mounted  canards  in  combination  with  an  in-line  planar  tail  are  not 
effective  as  roll  control  devices  unless  decoupled  from  the  tail  panels 
because  the  vortex  induced  tail  rolling  moments  are  of  the  sane  magni- 
tude as  the  rolling  moments  developed  by  the  canards  alone.  The  net 
rolling  moments  are  generally  only  approximately  10%  as  large' as  the 
rolling  moments  developed  by  the  canards  alone.  In  the  supersonic 
Mach  number  range,  the  tail  component  of  rolling  moments  may  actually 
be  larger  chan  the  canard  component,  end  in  the  opposite  direction, 
leading  to  the  condition  known  as  roll  reversal. 

Small,  nose  mounted  canards  in  combination  with  a ring  tail, 
however,  show  promise  as  roll  control  devices  because  the  canard 
induced  vortices  do  not  cause  any  significant  tail  rolling  moments. 

A ring  tail  giving  approximately  the  same  stability  characteristics 
as  a planar  tail  does,  however,  cause  some  increase  in  total  missile 
drag. 


IL  ia  recommended  that  further  wind  tunnel  tests  be  conducted  in 
the  subsonic  and  transonic  Mach  number  range  to  supplement  the  rather 
small  amount  of  canard-ring  tail  configuration  data  available.  Varia- 
tions in  ring  tail  planform  and  mounting  strut  design  should  be  included 
in  these  tests. 
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Figure  6.  Typical  vapor  screen  photographs. 
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Figure  14.  Component  rolling  moment  coefficient, 
N = 3.0,  forward  canards,  planar  tail. 
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ROLLING  MOMENT  COEFFICIENT-CMR-MAIN  BALANCE 
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TOTAL  ROLLING  MOMENT  COEFFICIENT  VERSUS  ANGLE  OF  ATTACK 
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40.  Total  rolling  »o»ent  coefficient  versus  angle  of  attack 
canards,  planar  tail,  M “ 2.5. 
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Figure  50.  Change  in  drag  due  to  ring  tail. 
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Applied  Phyalc#  Uboratory 
AUN:  Dr.  I.  CronvUh 

Nr . Cordon  Dugger 
Nr.  R.  Walker 
0421  Caorgl*  Avamj* 

Silver  Spring*,  Maryland  2u9J0 


No . uf 
Loplai 

1 


2 


1 


1 


2 


1 


i 

1 


i 
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No , of 
Cop  las 


McDonntl-Duuglaa  Corporat  l«« 

ru  koi  )U 

Jt-  Louli,  Nliaourl  (3166 


Ny.  yf 
Copiat 


I'nlvcrall  y of  Notra  !>«•« 

DapartmtM  n ( Aaroapact  Enginaartng 
ATTN  i In  . T.  J.  Muallar 
Nut r t Dama,  Indiana  4(3)6 

loa(n|  Company 
ATTM  Library  Unit  CMaC 
Mr.  R.  J.  Dtnon 
Mr.  H.  L.  Cll.a 
Ro  It.*  370? 

Saattla,  Waahlngton  ¥#124 

tonvalr,  A Divlaion  of  Csn*ral 
Dynamics  torpor  a k t«*n 
ATTN i DUlilon  Library 
Fgauna.  California  91*76 

Nialaan  Englnaarlng  and  Rasas rch,  Inc. 
ATTNi  Dr.  Jack  N.  Nialaan 
#30  Maud*  Av«nua 

fountain  vitsi,  California  V40-0 

hughat  Ai  71.  rail  Cv*p«nv 
ATTNi  Documanta  Group  Tacruiisai 
Library 

Flursnca  Avanua  at  Taala  Street 
Cul v»r  City,  California  902)0 

Ling- T«»kv' ought  A*ro»paca  Corporation 
ATTNi  Mr.  Dick  Flliaoft 

PU  Bo*  404 

War ran,  Michigan  46Q9Q 

Llng“Ta»s.o-Vyy^l.|  Aaroapate  Corporation 
Sought  Aaronaut lea  Olvlalon 
ATTNi  C.  P.  Joaaa,  Lnlt  2-3)))0 
(ok  390? 

DaLlaa , Taaaa  7)222 

Lockhaad  Mlvailaa  and  Spaca  Company 
ituolavilla  R«sr«rch  and  Engineer lr>g  Canter 
ATTN;  hr.  J.  b«na( laid 
4800  1-adford  Boulavard,  W 
Huntavilla,  Alabama  3)80) 

Lockha-d  Aircraft  Corporation 
Nlsalls  and  Spaca  Division 
ATTN:  Tachnlcal  Information  Cantor 

PU  Boa  304 

Syimyvala,  California 

Tht  Mart  In-Mar  latta  Corporation 
Orlando  Division 
ATTN : D.  Tipping 

L.  Cllbart 

Orlando,  Florida  32804 

He Donna 1- Douglas  Company-Wait 
ATTN:  Library  A3-328 

3301  Bolaa  Avanua 

Huntington  Baach,  California  92646 


1 

Northiop  Corporal  lull 
Ilactro^Machanical  Division 
1 ATTNi  Mr.  t.  Clark 

1 300  last  Orangatlirupa  Y20 

2 Anahalm,  Calif  rnla  92801 

Emerson  llac trie  Company 
ATTNi  Mr.  Pobtlt  Baums.. 

#100  Fjorlaaant 

St.  Louis , Missouri  7)136 

1 

Data  Kanagsmant  Sarvlcaa 
Dapartmant  2910 

Chryalar  Corporation  Spaca  Divlalrn 
1 ATTN;  Nr.  N.  D.  Kamp 

PO  Box  29200 

NawOilaant,  Louisiana  70189 

Data  Managamont  Sarvlcaa 
Capartmtnt  3307 
1 Chryalar  Corporation 

H-mtivllla  EUctronKa  Division 
ATTN:  Mi  . J E*  Vaughn 

102  Wynn  Drlv* 

Huntavilla,  Alabama  33803 

1 

DRSM1  R , Mr.  btrUkland 
-LP , Mr.  Voigt 
-8.  Dr.  Me Dan  1*1 
D*\  koblar 

-R8D 

1 -RKD.  Mr,  Datp 

Hr.  Burt 

-MR  (Racord  Sat) 

(Rufaranc*  Copy) 


1 


1 


1 

1 


1 


1 


1 


1 


6 


1 

1 

1 

1 

3 

1 

13 

1 

l 


